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Abstract. The contamination of the environment with toxic metals has become a worldwide problem. 
Therefore phytoremediation of metal contaminated soils it is of great importance because it offers a lower cost 
method for soil remediation. For a better understanding of this process the studies related to heavy metals 
binding proteins are necessary. The aim of this paper was to evaluate the lead influence on the expression of the 
genes involved in the phytochelatins pathway: γ-glutamylcysteine synthetase, gluthatione synthetase and serine 
acetyl transferase using RT-PCR (reverse transcription-polymerase chain reaction). 
  
INTRODUCTION 
 
The environment contamination with heavy metals became a stringent problem all over 
the world because it has major impact on crop plants, soil fertility and at the same time it 
leads to their bioaccumulation in the food chain. At present, it is considered that 
phytoremediation represents the ecological and economical alternative to remove the 
polluting factors from soil. 
It is known that heavy metals may be detoxified in plants by a family of sulphur rich 
peptides termed phytochelatins (PCs), which are able to bind heavy metals [1,3,4]. 
Phytochelatins consist of just three aminoacids: cysteine, glycine and glutamic acid, arranged 
generally in a (γ-Glu-Cys)n Gly conformation. The fact that PCs are arranged in a γ 
carboxylamide bond suggests that the phytochelatins are not direct result of expression of a 
metal tolerance gene, but rather a product of a biosynthetic pathway with glutathione, most 
likely the substrate on which the pathway begins [6,7]. 
Gluthatione is synthesized by two steps ATP dependent reaction catalized by the γ- 
glutamylcysteine synthetase (Glutamat + cysteine + ATP → γ- glutamylcysteine + ADP +Pi) 
and gluthatione synthetase (γ-glutamyl-cysteine + glycine + ATP → glutathione + ADP + Pi). 
These reactions seem to be highly regulated at the transcriptional and translational levels, as 
well as by feed back control of the γ- glutamylcysteine synthetase by gluthatione [8]. Another 
factors that also regulate gluthatione biosynthesis is cysteine availability  [5]. The last step of 
cysteine biosynthesis is catalyzed by the cystein-synthetase, enzyme that incorporates sulfide 
into the O-acetyl_L-serine molecule. This molecule is produced by an acetylation reaction of 
L-serine catalyzed by the serine acetyltransferase enzyme [9,11,13]. 
For these reasons it was considered that the γ- glutamylcysteine synthetase, gluthatione 
synthetase, cystein-synthetase and serine acetyltransferase genes are involved in the processes 
of tolerance and accumulation of heavy metals in plants. These genes expression under lead 
influence was studied in this paper. We used as biological materials alfalfa plants due to their 
relatively high amount of biomass, high heavy metals tolerance and high capacity of heavy 
metals accumulation [12].  In addition alfalfa has a taproot that branches into secondary roots 
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that are situated more than 80% at 30-50 cm, that is the most polluted part [17]. Being 
considered a legume it can be grown on soil with low nitrogen contents and it does not require 
supplementary treatments, enriching the soil in nitrogen [14].  
The evaluation of the expression for the genes involved in phytochelatins pathway was 
done using the RT-PCR (reverse transcription-polymerase chain reaction) method because 
this is the most sensitive technique used for quantifying mRNA levels [2,10]. 
     
MATERIAL AND METHODS 
 
 Five alfalfa genotypes: Sigma, Satelit, Granat, Super and Selena were used as 
biological material. 
 The seeds germinated on moisted filter paper were transferred after 7 days in pots, on 
artificial substrate. The nutrients were administrated as KNOP solution (Ca(NO3)2 0,1%, 
KNO3 0,025%; KCl 0,012%; KH2PO4 0,025%; MgSO4 0,025%), in each two days. The 
growth conditions were 24°C and 16h /8h photoperiod. 
After 3 weeks the plantlets (2-4 trifoliolate leaves) were treated with different volume of 
Pb(CH3COO)2 solution therefore in each pot specific lead quantity was distributed: 10, 20, 50, 
100 and 500 ppm. 
Eight plants for each variant were analyzed. The stem length was determined weekly for 
each plant and leaves samples were collected and stored in -80°C. 
RNA extraction and purification was done using the RNAgents Total RNA Isolation 
System from Promega according with the supplier recommendations. 
The RNA was quantified using the spectrophotometric method (1 OD 260nm= 40µg 
monocatenar RNA /ml), and all the samples were diluted to 0,2 µg/ µl concentrations. 
For RNA amplification Accessquick RT-PCR System from Promega was used. The 
composition of the reaction mixture was:  20 µl nuclease free H2O, 25 µl Accessquick Master 
Mix 2X, 2 µl primer F (10 µM),  2 µl primer R (10 µM),  1 µl RNA (concentration 0,2 µg/ µl) 
and 1 µl revers-transcriptase. The amplification follows the next steps:1. revers transcription - 
45 min /45°C; 2. AMV-aT inactivation and RNA/cDNA/primer denaturation - 2 min / 95°C 3. 
PCR amplification (35 cycles): denaturation 30s/95°C, primer annealing 1min/ different 
temperature, according with the primer sequence, extension 1min/70°C; final extension 5 min 
/70°C. The amplification products, separated on 1,5% agarose gels and the DNA fragments 
were visualized and analyzed by UVP BioImaging System. 
The primers design was performed according to the NCBI databases using Primer 3 
software (http://www.ncbi.nlm.nih.gov/). 
 
RESULTS AND DISCUSSIONS 
 
 The plants growth was evaluated after four weeks of treatment as the average of the 
differences between the final and initial plant length (Table 1). 
 According to the growth test, Sigma was considered as the most tolerant variety and 
Satelit as the most sensitive one.  The Sigma variety plants had a good behavior at 20 and 50 
ppm and the negative effect was observed only for 500 ppm variant. For Satelit variety the 
negative effect was high even at the lowest concentration and it was emphasized at higher 
concentrations. 
 Further on the molecular analysis were performed for the two alfalfa varieties – the 
most tolerant - Sigma and the most sensitive – Satelit variety. 
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Table 1 
The influence of different lead concentrations on the plants growth (cm) for different alfalfa genotypes 
 
           Variant 
Variety control 10 ppm 20 ppm 50 ppm 100 ppm 500 ppm 
Super 8.31±1.5 9.06±1.74 7.07±1.66 8.41±1.78 6.63±2.34 - 
Difference  +0.75 -1.24 + 0.10 -1.68  
Granat 12.31±2.45 9.75±1.92 9.63±3.13 9.5±3.42 6.88±3.46 3.00±3.85 
Difference  -2.56 -2.68 -2.81 -5.43 -9.31 
Sigma 8.19±3.39 7.69±1.77 10.5±4.07 9.38±3.71 6.69±1.64 0.88±2.97 
Difference  -0.50 +2.31 +1.19 -1.5 -7.31 
Selena 8.94±4.35 9.75±2.82 7.88±3.49 8.25±2.18 6.88±1.36 - 
Difference  +0.81 -1.06 -0.69 -2.06  
Satelit 12.50±3.46 11.56±2.44 10.38±2.29 7.13±2.97 6.25±1.66 - 
Difference  -0.92 -2.12 -5.37 -6.25  
 
For each genotype the total RNA was extracted after 1 day, 1 week and 1 month of 
treatment. The RNA samples were quantified and diluted at the same concentration (0.2 µg/ 
µl). The sequences for the interest genes established according with the literature data were 
used for the primers design (Table 2). 
Table 2 
The primers sequences for the genes involved in phytochelatins pathway 
 
Gene Primers sequence The expected size for the PCR products 
γ- glutamylcysteine 
synthetase (GGS) 
F: CTTAGTGGAGCCCCTCTGGAA  
R:  CTGGAAACCAATCCCCAAAAA 
119 bp 
gluthatione synthetase (Glu 
1) 
F: CAATCTTCTGCTGTCAAATGCCCTTCAA 
R: TGCTTTTCTAACAATATCCGAGTCATCCA 
186 bp 
serine acetyltransferase 
(Medicago 1) 
F: 
GACGCTTCTTTCGACGCTTCTTTATGACCT 
R: ATGCCGATCCCCACCAACCTTACCAGT 
412 bp 
  Mt EF1 α (EF 1) F: ATTCCAAAGGCGGCTGCATA 
R: CTTTGCTTGGTGCTGTTTAGATGG 
274 bp 
 
The RT PCR reactions were first optimized by gradient temperature reactions (data 
not shown). For each pair of primers temperatures from the 55 - 65°C intervals were used as 
annealing temperatures. The specific PCR product (120bp) was generated by the GGS primers 
at 55°C. For the Glu 1 primers the best temperature to generate specific products (200bp) was 
65°C.  Using the Medicago 1 primers the specific products were not obtained; only non-
specific fragments were generated. As a control the primers for the elongation factor EF1 
were used. 
After the RT PCR optimization the amplification reactions were done using the RNA 
samples extracted from tolerant and sensitive genotypes, treated with different lead 
concentrations, at different treatment period. 
Using GGS (γ-glutamylcysteine synthetase) primers specific products were synthesized 
(120 bp), with different intensities (Fig. 1).  
 After 1 day the sensitive varity (Satelit) showed an increased expression of the GGS 
gene, especially at 500ppm concentration. For the tolerant genotype (Sigma) this 
overexpression was not visible. 
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 After a week treatment the differences between different variants were not visible for 
the tolerant variety. For the sensitive one the over expression of the GGS gene was 
perceivable for all the Pb concentrations. 
 After a month treatment the GGS gene expression was very low for all of the studied 
variants. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 The agarose gel electrophoresis (1,5%) of the GGS (γ- glutamylcysteine synthetase)  RT-PCR products for 
the plants treated with different lead concentration, after 1 day, 1 week and 1 month of treatment 
C – control variant – not-treated 
10, 20, 50, 100 and 500 – variants with different Pb concentration (ppm) 
M – PCR marker (Promega) 
 
Using Glu 1 (gluthatione synthetase) primers specific products were synthesized 
(200bp), with different intensities (Fig. 2).  
 After a day treatment an increased expression of the Glu 1 gene was emphasized for 
the 500 ppm variant of the sensitive genotype. After one week and one month treatment the 
gene expression seems to be equalized. For the tolerant genotype the lead effect on the Glu 1 
gene expression was not visible. 
When the control primers for the elongation factor EF1 were used (fig. 3) the gene 
expression was similar for treated and not-treated plants. 
In conclusion we can say that the genes involved in the phytochelatins pathway are up-
regulated by the lead presence mostly for the sensitive genotype.  The heavy metal effect on 
the studied genes expression is increased after a day treatment and it decrease in time. The 
lead effect is emphasized mostly at the higher concentration. 
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Fig. 2 The agarose gel electrophoresis (1,5%) of the Glu 1 (gluthatione synthetase) RT-PCR products for the 
plants treated with different lead concentration, after 1 day, 1 week and 1 month of treatment 
C – control variant – not-treated 
10, 20, 50, 100 and 500 – variants with different Pb concentration (ppm) 
M – PCR marker (Promega) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 The agarose gel electrophoresis (1,5%) of the  Mt EF1 α (EF 1) RT-PCR products for the plants treated 
with different lead concentration, after 1 day of treatment 
C – control variant – not-treated 
10, 20, 50, 100 and 500 – variants  with different Pb concentration (ppm) 
M – PCR marker (Promega) 
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